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7L5X 7L6D 7U6F 75 
(72) Inventors VICTOR JEFFREY LESLIE and RAYMOND BARRY 
VICCARS 

, (54) AROMATIC POLYMERS 

(71) We, IMPERIAL CHEMICAL INDUSTRIES LIMITED, Imperial 
Chemical House, Millbank, London. SW1P 3JF, a British Company, do hereby declare 
the invention, far which we pray that a patent may be granted to us, and the method- 
by which it is td be performed, to be particularly described in and by me following 
statement:^- b 

This invention ; relates to thermoplastic polymer compositions, and m particular 
to aromatic polysulphanes having improved thermal smbility. 

According to the present invention, a thermoplastic polymer comjpositiori is pro- 
. vided having" improved thermal", stability comprising at least one aromatic polysulpbonc 
consisting" of repeating units baying* the structure 

Ax— SO*— • 

wherein Ar, which may vary from unit to unit in the polymer chain^ is a bivalent 
aromatic radical selected from ^ 
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at least some of said Ar" radicals behlg 
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and at least one phosphite esier, die amount of said phosphite 
by -weight, based on the combined weights of the phcBphJtc i 
said phosphite haying the formula 



bang 0.01 to 4% 
and polysnlphone, 



\ 



OR* 



OR 3 



J^^u , R and K 3 are selected from hydrogen and univalent hydrocarbon or halo- 
hydrocarbon rarhcak, as hereinbefore defined, provided that not more manone of RS 
if &^V r R ' 5* f d /° r R3 "*™ aether form a mdd^c^hydrV 



OR* 



R 1 G— P 



\ 

OR a 

or b ) at least nvo oxygen atoms of the same phosphite group 

— Ax— SO,— 

in idiicb Ax is a bivalent aromatic radical, which may vary from unit to unit in the 
polymer chain (to a* to form copolymers of various kin^ek^fronT 
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20 at least some of thcAr radicals being 



and/or 



so, 



c - 

I 



20 



Apr-08-03 1 1 :28am From-Solvay Advanced Polymers 



770 772 8547 



T-B54 P. 008/01 6 F-5Z7 



10 



15 



20 



25 



30 



35 



1,398,133 



One commercially available polysulphone hag the repeating units of the formula 



-Qr-o-4 



SQ a — 



(Imperial Chemical Industries Limited). Another commercially available poiysulphome 
is said to have repeating units of the formula 



21 



(Union Carbide Corporation), while another is said to have copoLymeriscd units in 
various proportions of the formulae 



m 



and 



SO-, — 



(Minnesota Mir?mg -and Manufacturing Company), Another group of aromatic 
polymers has repeating units of the formula 



IV 



copolymerised with units of formulae I and/or II, and optionally III above. Preferred 
aromatic polymers have a reduced viscosity of at least 0.3 fas measured at 25 °C on a 
solution of the polymer in dimethyl form amide containing 1 g of polymer in XOQ cm 3 
of solution). . 

Methods for making such polymers are described, intrr alia, in British Patent 
Specifications 1016 245; 1060 546; 1078 234; 1 KB 842; 1122192; 1133 561; 
1 153 035; 1 153 528; 1 177 183; 1 234 301; 1 2<54 900; 1 298 821; Canadian Specifi- 
cation 847- 963 and Swiss Specification 491 981. 

By the term univalent hydrocarbon or halohydrocarbon radical we mean alley! 3 
cydoalkyl; haloalkyf, aralkyl, alkaryt haloalkaryl or aryl radicals. In a simple phosphite 
ester It r , Iv a and R 3 may be the same or different but not more than 1, and preferably 
none, of the radicals R 1 , and R 3 m3y be. hydrogen: The allcyl radical may contain 
1 to 25 carbon atoms and may be straight chain or branched.- Lower) alkyl (1 to 5 
carbon atoms) may lead to phosphite esters having too high volatility for a pardcular 
end use for the composition and highly branched phosphite esters may themselves be 
decomposed by for example oxidation* at processing temperatures for the composition. 
Preferably each alky! residue contains 7 to 12 carbon atoms. The halogen atom in a 
haloalkyl radical reduces volatility and increases flame resistance of the thermoplastic 
composition. Ternary halogen groups are preferably absent because these often have 
low stability at high temperatures at which the compositions are processed. The halogen 
atom is preferably chlorine or bromine. The aryl radical may be derived from benfcene, 
biphenyl or a fused ring aromatic hydrocarbon such as for example naphthalene, indene, 
iuorene, dibenzofuran. The alkaryl or halcalkaryl radical is an aryl radical in which 
on alkyl radical <sr haloalkyl radical as hereinbefore defined substitutes one or more 
aromatic ring positions of the axyl radical ; for example methyl phenyl (tojyl), dimethyl-- 
phenyl (fcylyi)., and npnylphenyL 
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The radicals R 1 , R a and R* may be a univalent radical or R 1 , R s and/or R 3 
■caken together may be a multivalent hydrocarbon, or hal ohy drocarban radical such as a 
bi-> tct- or quadri-valenc radical. By the nam multivalent hydrocarbon, or halohydro- 
carbon radical we mean a radical obtained by removal of one or mote hydrogen and/or 
5 halogen atoms from a univalent hydrocarbon or balobydrocarbori radical as hereinbefore 5 

defined Examples of such multivalent radicals are methylene, propaac-l^^-triyl, 
propane- L3 -diyl-2-yiid mrr Thus two or three of the radicals R% R a and R 3 in a 
single phosphite can? molecule may be a single hi- or ler-valem radical respectively 
linking at least two oxygen atoms of the phosphite group such as, for example, in the 
10 compound jq 

Also the radicals "B? 3 X 2 and/or R 3 taken together may be a multivalent radical linking 
two or more phosphite groups of the formula 

OR* 

RH>— P / 
\ 

OR 3 



15 to provide phosphite esim such as for example 



40 



EXAMPLE 1. 

Samples (100 g) of aromatic polysulphane consisting essentially of iepcarine units 
45 of the formula r—"Ms 

made in a manner similar to that of Example 3 of British Specification 1 153 035 but 
havme a reduced viscosity of 0.48 as measured at 25°C on a solution in dimethyl 



J5 



The compositions' of the invention may be made by mixing the organic phosphorus 
compound with the molten polymer by, for example, extrusion or in a sigma-bladed 
mixer or in a two-roll mill, or*by miring a solution of the phosphorus compound with 
20 powdered polymer followed by drying. " 20 

The aromatic polysulphone may be blended with other mermoplastic polymeric 
substances such as, for example, polyesters* polyolefins, polyamides and r^yvinyl 
chloride. The composition may be further mixed with particles of other polymeric 
materials having, special propeilies, eg, dasiomeric materials and r^ytetrailuoro- 
25 ethylene. They may contain reinforcing fillers, for example glass, asbestos and carbon 25 

fibres, and other materials confrrring various desired characteristics, eg. solid lubricants 
(eg. graphim or molybdenum disultjhide) 3 abrasives (eg. carborundum), friction- 
coxif erring materials, magnetic materials (eg. for rerarding rapes), rAorxBensitisers, 
and any cither materials for which the compositions of the invention make suitable 
30 vehicles. The compositions may contain dyes and pigments. The compositions may 30 

be fabricated in any desired form, such as fibre, film and mouldings or extruded 
products of any desired shape. 

In a modification of tic present invention Z5 to 75% (preferably 25 to 50%) 
by weight of the phosphite ester can be replaced by a phosphate ester having the 
35 '""Uk (EO) 3 PO where E has the same definition as R*, R», R* (herein before 35 

defined) except that E cannot he hydrogen. 

Incorporation of 0*01% to 4% by weight of rfjosphite ester improves the melt 
stability of the aromatic polysulphone and its blends by reducing the tendency of the 
melt viscosity to increase on prolonged heating and provides moddings having improved 
colour which is maintained even after prolonged heating of the melt A pAcf a ied 40 
level of inclusion of organic phosphorus compound is 0.01 to 1% by weight. 
The invention is illustraTed by the following Examples. 
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formamide of 1 g of polymer in 100 cm* of solution was mixed with a variety of 
stabilisers in concentration shown in the following table (e.g. 0.2% which is 0-Z g 
' stabiliser per 100 g polymer). Where the stabilisers were solid at 20°C, mixing was 
ejected by dry miting at 20° C; where stabilisers were liquid at 20 b C, the stabilisers 
were diluted with methanol together with a minimum of acetone to improve miscibflity 
and the. polymer stirred mvo the solution, the it suiting mixture being partially dried 
on a rotary evaporator for 30 minutes at 40*C and finally dried for 20 hours at 150 P C. 
The compositions from both mixing procedures were compression-moulded at 350°C 
for 5 minutes. 

The mouldings and mixtures were evaluated for colour and stability as follows: — 

1. Melt viscosity. The melt viscosity was studied using a ram extruder having a 
barrel temperature of 400°C and the time taken from, feeding the mixture 
to the barrel to exhibit an .increase in melt viscosity of 0.1 poise (a) and. 0.2 
poise (b) recorded; the longer the time, the betcer the melt stability. 

2. Extrudate 50% bubbles. This test provides me time taken at 400° C for half 
xhe volume of the excruciate of the extruder used in melt-viscosity determi-: 
natjoo. (1 above) to be voids or bubbles. The test provides a measure of heat 
stability of the composition and the lower the time, the poorer the heat 
stability of the composition. 

3. Colour factor. The yellowness Index was determined using a General Electric- 
Hardy recording spectrometer according, to the method of ASTM. D1925* 
The % transmission was derived from ibe Yellowness Index by integtatiaa 
over the visible spectrum. 

Results of physical testing- of the compositions of Table 1A axe presented in 
Table IB. 
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TABLE 1A 





Stabiliser 






No. 


Name 


% 


Formula 


A 


None 


- 


- 


B 


Triphcnyl phosphate 


0.1 ' 


I 


C 


Tiiphenyl phosphate 


0.2 


I 


D 


Triphonyl phosphite 


0.2 


II 


E 


Tri (nonylphcnyl)pho sphito 

(nonvlated trinhenvl-nlirinT^hirpil 1* 
* * *» j ■»* l^-a yn ^kijf ipuu tipnx Vvj 


0.2 




F 


Tri(nonylphenynohosDhitB 2 ¥ 




tit 
lit 


G 


Tridcoyl phosphite ^* 


0.2 




H 


Dittsodeeyl)phosphite 4 * 


0.2 


IV 


I 


Diphenyl phosphite 






J 


Tri (methyl cyclohexy I) phosphite 


0.2 


V 


K 


Tri(chloroethyl)phosphiie 


0.2 


VI 


L 


Distcaryi pentacrythritol 
diphosphite. 5* 


0.2 


vn 


m ; 


Diisoociyl pcntaerythritol 
diphosphate 


0,2 




N 


TriCdipropylene gIycoDpho$phite 6 * 


0.2 


VIII 



"Polygard" Rubber Regenerating Co. Manchester, 
2 * "Pho.^elere 1 ' 315 Inters tab Limited, Kirkby, Liverpool. 
3 * "Phosderc*' 310 tntcrstab Limited, Kirkby, Liverpool. 
4 * "Phosclere" 210 Inters tab Limited, Kirkby, Liverpool. 
5 * Weston 618 Weston Chemical be N. Jersey, U.S.A. 
6 * Weston Chemical Inc. N.Jersey, U.S.A. 

["Polygaid" and "Phosclcre" arc Registered Trade Marts] 



r 
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TABLE IB 





Melt viscosity (400° C) 
Time (minutes) to increase by 




Colour Factors 


Compositior 


0.1 poise 


(b) 
0,2 poisa 


Extiudate 
50% bubbles 
(minutes) 


Yellow 
Index 


% trans- 
mission 


A 


16 


24 


5 


59.3 


42.7 


B 


27 


40 


5 


60.7 


48.2 


C 


31 


47 


10 


62.4 


47.9 


D 


43 


53 


15 


46.1 


51.4 


E 


S5 


48 


20 


. 48.3 


55.6 


F 


35 


47 


20 


42.0 


60.4 


G 


38 


50 


30 


36.6 


62.2 


H 
n 


36 

i 




20 


43.3 




T 
i 


36 


49 


15 


. . 3S.1 


60.6 


J 


36 


48 


25 


40.3 


62.9 


K 


35 


46 


25 


38.6 


63.3 


L 


30 


41. 


15 


35,9 \ 


65.1 


M 


36 


• 45 


20 


37.1 


61.1 


N 


26 


36 


20 


43.0 


60.5 


quired 












Value 


high 


high 


high 


low 


high 



I 

nr. ? 
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CK-- D 
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From me table IB, it is seen that the comparative compositions, B, C and N 3 aw 
unsatisfactory in certain respects. Thus triphenyl phosphate, (compositions B and C) 
offers no improvement in yellow index while tri(dipropy]cnc glycol) phosphite is not 
very effective in residing viscosity increase. 

EXAMPLE 2. 

The procedure of Example 1 was repeated e xcept that the polymer and stabiliser 
were mnced on a "Henschel" mixer at 60°C followed by extrusion at 330°C Melt 
stability was determined using granulated exrrudate. Colour Factor was measured on 
plaq ues injection moulded at 350°C The results of this testing is presented in Table 2. 

TABLE 2 ^ 







VleliVisqoBity(400°C) 
. Time (minute s) 
to increase by 




Colour Factors 


Additive 


%by 
weight 


(a) . 
0.1 poise 


(b) 
0.2 poise 


Extrudate 
50% bubbles 
(minutes) 


Yellow 
Index 


% trans- 
mission 


None , 




29 


46 


50 


62,3 


44.6 


Triphenyl phosphate 4* 


0.1 


25 


37 


30 


56.2 


50.0 


Triphenyl phosphate -f- 


0.2 


39 


52 


20 


63.4 


45.3 


Triphenyl phosphite 


0.1 


46 


67 


60 


51.9 


53.7 


Triphenyl phosphite 


0.2 


52 


72 


60 


45.5 


56.2 


Tri(rtonylphenyl)- 
phosphite 1* 


0.1 


49 


70 


50 


514 

c 


53.8 


TrUnonylphcnyD- 
phosphiu 1* 


0.2 


55 


• 74 


60 


46.8 


56.9 


Trilaury! phosphite 2 * 


0.1 


52 


69 


20 


47.6 


56.4 


TxUauryl phosphite 2* 


0.1 


43 


48 


25 


42.7 


59.8 



1* kt Phosclcrc 
2* "Pbosclcrc 



" 315") 
« 312J 



Intcrstab, Kirkby, Liverpool. 
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EXAMPLE 3." 

Hie procedure of Example 2 .was xcpeatai to demonstrate that phosphites snbpxacs 
and phosphim/phosphate mi*rnres conferred stability act aromatic polysulphones. The 
tesuhs and composition details are presented in Tabic 3A and B. 

TABLE 3a. 



Composition 


. Additive 


% by height 


r 


None 




Q 


TVilauryl phosphite 1* ") 


0.05 




Triphenyl phosphate J 


O.05 




Trilauryl phosphite X* "p 


0.05 


. R - 


TripTtienyl phosphate 3 




0.05 . 


. s 


Tri(nonyIphcnyl)phasphiie 2 0 


0,05 


Triphenyl phosphate J 


0_05 


T 


Trilauryl phosphite 1* "2 


0.D5 




TriCnonylphenylJphosphite **J 


0.05 



X * "Phosclcre" 312 
2 * "Phosciere'' 315 



TABLE 3B- 



Composition 


Melt viscosity (400° C) 

Time (minutes) 
- to increase by 




Colour Factors 


(a) 
0.1 poise 


0.2 poise 


Extrudate 
50% bubbles 
(minritcs) 


Yellow 
Index 


% Trans- 
mission 


P 


29 


.46 


50 


62.3 


44.6. 


q : 


43 


• 61 


45 


49.0 


* 55.2 


R 


43 


59 


40 


50,4 


54,7 


S 


43 


54 


60 


47.5 


56.2 


T 


■45 


V 61 


40 


50.2 


5S.4 



WHAT WE CLAIMIS;— . 

1. A thermoplastic polymer composition having improved thermal stability com- 
prising at leasi one aromatic polysulphone consisting of repearirig units having- rhe 
10 structure 

— Ar— SO*— 

svhereiri Ar ^hich may vary from unit to unit ia the polymer chain, js a bivalent 
'aromatic radical selected from 
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Cm, 



at least some of said Ax radicals being 

-o-o 



and /or 



I 

c 
I 



10 



and at least cme phospbte ester, the amount of said phosphite ester being 0 01 to 4V 



by weight, based on tne combine 
said phosphite having the formula 



10 



R*CU_p 



V 



OR* 



15 



\ 
OR* 

E K?2d IPfa %S£TS* m <** than one of 



15 



OR» 



R*o— p 



20 



OR a 

or b) at least two oxygen atoms -of the same phosphite group 

om t^/T^ 8 ?^ to , aaim 1 *e amount of phosphim ester is 

SUphori.^ ^ combined weigh* of the phoS^^ 

CQmp -° SiD " 0ri accardin ? » Claim 1 or Claim 2 in which tfie aromatic oolv- 
Bulphcme comprises repeating units of ihc formula aromatic poiy 
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4. A composition according to any one of Claims 1 to 3 in which one phosphite 
ester is present in the composition. 

5. A composition according to any one of Claims 1 to 4 in which none of the 
5 . radicals R x , R*, R* in the phosphite ester is hydrogen. 

6. A composition according to Claim 5 in which the phosphite ester is tri(nonyi- 
phenyl ) phosphite. 

7. A composition according to Claim 5 in which the phosphite ester is trilauryl 
phosphite. 

10 8. A composition according to Claim 5 in which the phosphite ester is tripbenyl 

• phosphite. 

9. A modification of the composition claimed in any one of Claims 1 to 8 in which 
25% to 75% by weight of the phosphite ester is replaced by a phosphate ester having 
the formula (EO)aPO where E has The same definition as R\ R*, R 3 save that E cannot 

15 be hydrogen. 

10. A modified composition according to Claim 9 in which the phosphate ester is 
niphenyl phosphate. 

11. A modified composition according to either Claim 9 or 10 in which the 
phosphite ester' is rri(nonylphenyl) phosphite, 

20 12. A composition according to Claim 1 substantially as hereinbefore described 

and illustrated with reference to any one of the Examples. 

13. A modified composition according to Claim 9 substantially as hereinbefore 
described and illustrated with reference to Example 3. 

14. A composition according to any one of Claims 1 to 8 and 12 or a modified 
25 composition according to any one of Claims 9 to 11 and 13 in the form of a tbenno- 

f armed article. 

C. GRATWICK, 
Agent for the Applicants. 
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